The aim of this study was to compare the chemical and volatile composition of mango wines fermented with Saccharomyces cerevisiae var. bayanus EC1118, S. cerevisiae var. chevalieri CICC1028 and S. cerevisiae var. cerevisiae MERIT.ferm. Strains EC1118 and MERIT.ferm showed similar growth patterns but strain CICC1028 grew slightly slowly. The ethanol level reached about 8% (v/v) for each mango wine and sugars (glucose, fructose and sucrose) were almost exhausted at the end of fermentation. There were only negligible changes in the concentrations of citric, succinic and tartaric acids, except for malic acid (decreased significantly). Different volatile compounds were produced, which were mainly fatty acids, alcohols and esters. Most volatiles that were present in the juice were consumed to trace amounts. The kinetic changes of volatiles were similar among the three yeasts but the concentrations of some volatiles varied with yeast. Strain MERIT.ferm produced higher amounts of higher alcohols, isoamyl and 2-phenylethyl acetates, whereas strain CICC1028 produced higher amounts of medium-chain fatty acids and ethyl esters of decanoate and dodecanoate. These results suggest that it may be possible to produce mango wines with differential characteristics using different S. cerevisiae strains.
INTRODUCTION
Mango (Mangifera indica L.) is commercially one of the most abundant tropical fruits in Southeast Asia, accounting for its large market share of the total mango produced worldwide (Tharanathan et al., 2006) . Over 30 different varieties of mango are grown and appreciated for its light to bright yellow colour, its sweet and delicious taste, high nutritive value (high amounts of amino acids, a good source of vitamin A and B6, and low in saturated fat, cholesterol, and sodium), as well as its affordable market price (Spreer et al., 2009; Anonymous, n.d.) .
The mango variety chosen for this study was Mangifera indica L. cv. Chok Anan (also called honey mango), which is mostly grown in Malaysia and Thailand. In contrast with most mango varieties, 'Chok Anan' mango has the ability to produce off-season flowering without chemical induction (Spreer et al., 2009) . Thus, apart from the main harvest in May, two more harvests follow in June and August. This characteristic enables 'Chok Anan' mangoes to have a large stock each year, which gives it an advantage to be a raw material for further processing, such as mango wine fermentation. Fermentation provides an alternative to selling 'Chok Anan' mango fruits, and further increases its value. Ripe 'Chok Anan' mangoes have a high content of sugar (16.70 o Brix), especially sucrose, glucose and fructose. The sugar content of 'Chok Anan' mango is comparable to that of some grape varieties, making it even more suitable for wine fermentation.
The research on mango wine lacked intensive drive till recently although it started from 1960's. Czyhrinciwk (1966) reported the first study on mango wine production. Onkarayya and Singh (1984) screened twenty varieties of mangoes from India for wine production. Obisanya et al. (1987) studied the fermentation of mango juice into wine using locally isolated Saccharomyces cerevisiae and Schizosaccharomyces species of palm wine and they concluded that Schizosaccharomyces yeasts were suitable for the production of sweet, table mango wine and Saccharomyces yeasts were suitable for the production of dry mango wine with a higher ethanol level. Reddy and Reddy (2005) developed a method of mango juice extraction with pectinase and characterized ethanol and some volatile contents of mango wine. They concluded that the aromatic compounds of mango wine were comparable in concentration to those of grape wine. Reddy and Reddy (2009) published further results of characterizing kinetic changes of higher alcohols in mango wine and concluded that pectinase treatment could enhance the mango juice yield and increase the synthesis of higher alcohols (within a desirable range) as well as mango wine quality. Kumar et al. (2009) used response surface methodology (RSM) for the simultaneous analysis of the effects of fermentation conditions (temperature, pH and inoculum size) on the chemical characteristics of mango wine.
There is still no complete profiling of volatile compounds of mango wine although a complete profile of volatiles of fresh Mango wine fermentation mango juice is available . Information is also lacking on the changes in the concentrations of sugars, organic acids and volatile compounds during mango wine fermentation. Further, selection of Saccharomyces yeasts plays a very important part in mango wine flavor modulation, because mango wines with different flavor profiles may result when fermenting the same mango juice with different strains or species of Saccharomyces yeasts. To the best of our knowledge, there are no comprehensive reports on the characteristics of mango wines fermented by different Saccharomyces yeast strains.
The aim of this study was to compare the fermentation performance of three Saccharomyces cerevisiae yeasts (MERIT.ferm, CICC1028, EC1118) and the chemical and volatile composition of the resultant mango wines. The outcome of this study would help select Saccharomyces yeasts for further investigations involving Saccharomyces and nonSaccharomyces to enhance mango wine flavor.
MATERIALS AND METHODS

Yeast strains and culture media
Saccharomyces cerevisiae var. bayanus Lalvin EC1118 (Lallemand Inc, Brooklyn Park, Australia) and Saccharomyces cerevisiae var. chevalieri CICC1028 (China Centre of Industrial Culture Collection, Beijing), and Saccharomyces cerevisiae MERIT.ferm (Chr.-Han., Denmark) were used in this study. Yeast strains were maintained in nutrient broth (pH 5.0) consisting of 2% (w/v) glucose, 0.25% (w/v) yeast extract, 0.25% (w/v) bacteriological peptone, 0.25% (w/v) malt extract and were incubated at 25 o C for up to 48-72 hours. The yeasts with 20% glycerol were stored at -80 o C before use.
Preparation of mango juice
Mangoes ('Chok Anan' variety) from Malaysia were purchased from a local market in Singapore and were juiced, centrifuged at 21,000 rpm (41,415×g, Beckman Centrifuge, USA) for 15 min and stored at -50 o C for further use. Pre-culture medium prepared from the mango juice (16.7 o Brix, containing 4.9 g of fructose, 0.6 g of glucose and 12.4 g of sucrose per 100 mL juice; pH 4.63) was sterilized through a 0.45 µm polyethersulfone filter membrane (Sartorius Stedium Biotech, Germany), inoculated with 1% (v/v) of selected yeast strains and incubated for 48 hours until yeasts grew to at least 10 7 cfu/mL. The mango juice (pH adjusted to 3.5 with 50% w/v food grade D,L-malic acid from Suntop Ltd, Singapore) used for fermentation was sterilized with 100 ppm of potassium metabisulphite (The Goodlife Homebrew centre, Norfolk, England) and left overnight at 25 o C before use. Potato dextrose agar (PDA) (39g/L, Oxoid, Basingstoke, Hampshire, England) was used for plating to monitor the growth of the three Saccharomyces yeasts.
Fermentation
Replicate mango juice fermentations with each Saccharomyces yeast were carried out in 300 mL sterile Erlenmeyer conical flasks (plugged with cotton wool, then wrapped with aluminum foil) and each flask contained 250 mL mango juice. The juices were inoculated with 1% (v/v) pre-culture of the three Saccharomyces yeasts and fermentation was conducted at 20 o C statically for 14 days. Samples were taken during fermentation (Day 0, 2, 4, 6, 11 and 14) .
Measurement of pH and Brix
The total soluble solids (Brix) and pH were measured at the indicated time points by using a refractometer (ATAGO, Japan) and a pH meter (Metrolim, Switzerland), respectively. Samples were analyzed in duplicate for each wine replicate.
Analysis of reducing sugars and organic acids by HPLC
Wine samples after centrifugation and filtration (0.2µm) were stored at -50 o C before analysis. The sugars (g/100mL) were measured by HPLC (Shimadzu HPLC, Class-VP software version 6.1) according to the method of Chávez-Servín et al. (2004) , using a carbohydrate ES column (Prevail, 150×4.6 mm). The column was eluted at 25 o C with a degassed mobile phase containing a mixture of acetonitrile and water (78:22) at a flow rate of 0.5 mL/min (isocratic mode). All the compounds were detected with an evaporative light scattering detector. Samples were analyzed in duplicate for each wine replicate (n=4). The identification and quantification of sugars were achieved by using retention time and standard curves of pure sugar compounds (Sigma-Aldrich, St. Louis, MO, USA).
The organic acids (tartaric, citric, succinic and malic acids) were determined by HPLC (Shimadzu) using a Supelcogel C-610H column (Supelco, Bellefonte, PA, USA) connected to a photodiode array detector. The column was eluted at 40 o C with a degassed aqueous mobile phase containing 0.1% sulphuric acid at a flow rate of 0.4 mL/min (isocratic mode). Samples were analyzed in duplicate for each wine replicate. The identification and quantification of compounds were carried out by using retention time, UV spectrum (210 nm) and standard curves of pure organic acid compounds (Sigma-Aldrich, St. Louis, MO, USA).
Analysis of volatile compounds by HS-SPME-GC-MS/FID
The method was based on that described elsewhere (Lee et al., 2010a; Trinh et al., 2010) with some modifications. Volatile compounds of fresh juice and final fermented juice (samples after 14-day fermentation) were measured using headspace (HS) solid-phase microextraction (SPME) method coupled with gas chromatography (GC)-mass spectrometer (MS) and flame ionization detector (FID) (HS-SPME-GC-MS⁄ FID). Carboxen⁄PDMS fibre (85 µm) (Supelco, Sigma-Aldrich, Barcelona, Spain) was used for extraction. Five millilitres of mango wine sample was extracted by HS-SPME at 60 o C for 40 min under 250 rpm agitation. The fibre was desorbed at 250 o C for 3 min and the sample was injected into Agilent 7890A GC (Santa Clara, CA, USA), which was coupled to FID and Agilent 5975C triple-axis MS. Separation was achieved using capillary column (Agilent DB-FFAP) of 60 m × 0.25 mm I.D. coated with 0.25 µm film thickness of polyethylene glycol modified with nitroterephthalic acid. The carrier gas was helium. The operation conditions were as follows: the oven temperature was programmed from 50 o C for 5 min, then increased with 5 o C/min until 230 o C, and kept at 230 o C for 30 min. The FID temperature was set at 250°C, and the MSD was operated in the electron impact mode at 70 eV. The volatile compounds were identified by using Wiley mass spectrum library and comparison of linear retention index (LRI) of each volatile with the LRI in other reports (Tairu et al., 1999; Lee et al., 2010a; Trinh et al., 2010) . LRI was determined by using a series of alkanes (C5-C40) run under the same HS-SPME-GC-MS⁄ FID condition as sample o for all three mango wines during the fermentation. The cell populations of all three yeasts increased from the initial 5×10 5 cfu/mL (MERIT.ferm), 4.5×10 5 cfu/mL (CICC1028), 8.5×10 5 cfu/mL (EC1118) and reached their respective maximum on day 14, where strain EC1118 showed the highest growth at 9.46× 10 8 cfu/mL, followed by strain MERIT.ferm at 8.92× 10 8 cfu/mL and strain CICC1028 at 5.47 × 10 7 cfu/mL (Table 1) . Based on the plate counts, it seemed that strain CICC1028 was less stress-tolerant of stress than strains EC1118 and MERIT.ferm because its cell count was about 10 times less.
RESULTS AND DISCUSSION
Changes of sugars and organic acids
Fructose, glucose and sucrose were the three reducing sugars detected in the fresh mango juice. The sugar contents in the juices inoculated with the three S. cerevisiae displayed rapid reduction during fermentation. Strain CICC1028 showed the fastest consumption of fructose and glucose among the three yeasts (data not shown). In addition, the three strains showed a similar pattern of sucrose utilization. At day 14, analysis and it was calculated according to the equation:
where z is the number of carbon atoms of the n-alkane eluting before and (z + 1) is the number of carbon atoms of the n-alkane eluting after the peak of interest. FID peak area was used to calculate RPA of each volatile and it can help semi-quantitatively compare the relative difference of each volatile, minor or major, among three wines. The final fermented samples ("Day 14" sample) were analyzed in duplicate for each wine replicate, but fresh mango juice was analyzed in triplicate.
Major volatiles (high RPA in the FID chromatogram; which are important for wine quality) were quantified using individual external standards dissolved in 10% v/v mango juice diluted with water, except for ethanol dissolved in 100% v/v mango juice (Lee et al., 2010b; Trinh et al., 2010) . Good linearity was obtained for all standard curves (R 2 >0.97). The kinetic changes of the concentration of these compounds were monitored throughout the whole fermentation. The HS-SPME-GC-MS⁄ FID condition used for quantification is the same as the abovementioned conditions. Samples were analyzed in duplicate for each wine replicate (n=4). Thereafter, odor activity values (OAVs) of these quantified volatiles were calculated according to their established threshold levels (in synthetic wine base) in other published reports (Guth, 1997; Bartowsky & Pretorius, 2008) .
Statistical analysis
ANOVA (P<0.05) was used to determine the significance of the difference of each chemical or volatile factor among three fermentations.
TABLE 2
Major volatile compounds (GC-FID peak area ×10 6 ) and their relative peak areas (RPA) in fresh 'Chok Anan' mango juice. and 0.08 g/100 mL, respectively. D,L-malic acid was spiked in mango juice at the beginning of the fermentation to adjust pH to 3.5. Therefore, the total malic acid increased from 0.3 g/100mL to about 0.8 g/100 mL after spiking. The total malic acid decreased by day 6 and remained constant afterwards (data for day 6 not shown). The decrease in total malic acid before day 6 might not be due to malic acid catabolism because S. cererevisiae is generally not capable of metabolizing malic acid. However, D-and L-malic acid molecules could enter the cells of S. cerevisiae strains by passive diffusion (Coloretti et al., 2002) . Furthermore, the decrease in malic acid was not
(1) LRI of all the relative tables was determined on the DB-FFAP column, relative to C 5 -C 40 hydrocarbons. Major volatile compounds (GC-FID peak area ×10 6 ) and their relative peak areas (RPA) in fresh 'Chok Anan' mango juice.
sugar consumption was almost complete in the fermentation process, with only about 0.013 g/100 mL of sucrose left in day 14 samples (Table 1) . Compared with the study of Reddy and Reddy (2009) , the residual sugar level in our study was even lower from similar starting concentrations, which might be due to different mango cultivars or yeasts used. Organic acids showed different changes during fermentation (Table 1) . Citric acid in all three mango wines stayed almost constant at 0.20-0.27 g/100 mL (except for strain CICC1028). In addition, tartaric and succinic acids did not change significantly for all three wines at 0.1 g/100 mL likely due to malolactic fermentation, given the lack of lactic acid (none detected) and the addition of 100 ppm of potassium metabisulphite to the juice.
Volatile compounds in fresh mango juice
The isomers of monoterpenes (C 10 H 16 ) and sequiterpenes (C 15 H 24 ) dominated the major volatiles of fresh mango juice, and their FID RPA reached 89% (Table 2) . Further, several esters, acids, furanones, aldehydes and ketones were also important for the aroma of fresh 'Chok Anan' mangoes, such as butyl butanoate, 3-hexenyl acetate, hexyl formate, rose oxide, cis-3-hexenol, butanoic acid, beta-damascenone and trans-2-hexenal. Most of the volatiles identified in the mango juice were similar to those reported elsewhere . However, most of these volatiles (e.g. terpene hydrocarbons) were metabolized, although a few of them were still detectable after fermentation (e.g. beta-damascenone). The result is in contrast with some previous reports which claimed that fermentation would not affect the concentration of terpenes (Rapp, 1988; Ong & Acree, 1999; Alves, 2010) . Nonetheless, Zoecklein et al. (1997) showed that some Saccharomyces strains would cause the decrease of terpenes, which is in agreement with our findings. The reason(s) for this discrepancy is not known and should be further investigated.
Volatile composition of mango wines after 14-day fermentation and kinetic changes of major volatiles
During the 14-day fermentation of mango juice, a number of volatiles were produced: 4 fatty acids, 5 alcohols, 23 esters, 5 ketones, 3 aldehydes and 1 sulfur compound [dihydro-2-methyl-3(2H)-thiophenone] ( Table 3 ). The volatile composition of the three mango wines is almost the same, but the concentration of each volatile may be different. To compare the volatile compounds in the three wines, FID peak area and RPA were used and they can semi-quantitatively represent the concentration of different volatiles (Alves et al., 2010; Lee et al., 2010ab; Trinh et al., 2010) . For further accuracy, 12 major volatile compounds, which are generally considered as important factors influencing fruit or grape wine quality (Gürbüz et al., 2006; Alves et al., 2010; Lee et al., 2010ab; Trinh et al., 2010) , were quantified with external standards (Table 4) . Alcohols are quantitatively the largest group of all the volatiles, with RPA accounting for more than 60% for all three wines. In Tables 3 and 4 , strain MERIT.ferm consistently produced the highest amounts of all major alcohols (ethanol, isobutyl alcohol, isoamyl alcohol and 2-phenylethyl alcohol). The kinetic changes of these major alcohols are consistent: constant after day 4 of fermentation ( Fig. 1) . Ethanol concentrations were 8.8%, 7.8%, 8.1% (v/v) for strains MERIT. ferm, CICC1028 and EC1118, respectively. The concentration of isoamyl alcohol was much higher than that of isobutyl and 2-phenylethyl alcohols in all three mango wines, with strain MERIT.ferm producing 409.9 mg/L, CICC1028 producing 146.4 mg/L and EC1118 producing 136.9 mg/L (Table 4 ). In addition, MERIT.ferm produced 22.2 mg/L of isobutyl alcohol and 59.6 mg/L of 2-phenylethyl alcohol, CICC1028 produced 9.4 and 24.5 mg/L, EC1118 produced 14.7 and 27.7 mg/L, respectively (Table 4 ). The levels of the three branched-chain higher alcohols except for isobutyl alcohol were higher than their published threshold levels for all three mango wines (Table 4) .
These branched-chain higher alcohols are important components of the wine bouquet, which are released into the medium as secondary products of the metabolism of yeasts (Noguerol-Pato et al., 2009) . They are formed by transamination or deamination of the corresponding amino acids through the Ehrlich pathway (Myers et al., 1970; Dickinson et al., 1998; Etschmann et al., 2002) . The keto-acids formed from this pathway are decarboxylated to aldehydes and further reduced to branched-chain higher alcohols. Rapp and Mandery (1987) reported that the concentration of total higher alcohols in wine is in the range of 80-540 mg/L. High quantities of these compounds are considered to be undesirable in table wines, and concentrations below 350 mg/L can be considered to contribute to the positive aromas of wines (Rapp & Mandery, 1986) . Obviously, the higher alcohols (especially isoamyl alcohol) level of strain MERIT.ferm-fermented wine are in the "undesirable" range, however, they might be used as main precursors of branched-chain aromatic esters (e.g. isoamyl acetate, 2-phenylethyl acetate) and these esters can provide enhanced fruity and floral aroma for wine. Yilmaztekin et al. (2009) reported Williopsis saturnus is able to convert isoamyl alcohol into isoamyl acetate. If strain Merit.ferm could coferment mango juice with ester-producing Williopsis yeasts, it may probably promote the formation of branched-chain and aromatic esters. Some quantitatively minor alcohols were also identified in mango wines, such as cis-3-hexenol, 1-octanol and citronellol (Table 3) . They may impart sensory attributes such as "fruity" or "floral" flavor to mango wines. For example, citronellol is a fragrant and flavourful compound that is of great interest to the wine making industry because it can be used to synthesize other aromatic compounds, e.g. rose oxide (lychee flavour) (Alves et al., 2010) . The occurrence of citronellol in mango wines but not in mango juice suggests that it was produced by yeasts during fermentation, likely as a result of hydrolysis of glycosides with bound citronellol as the algycone (Ugliano et al., 2006) .
Esters are quantitatively the second largest group in the volatile profiles of the three fermented mango wines (over 25% RPA), including acetates, methyl esters, ethyl esters and other medium or long-chain esters.
According to RPA, the most significant acetates were ethyl acetate, isoamyl acetate and 2-phenylethyl acetate (Table 3) . They showed similar modes of kinetic changes -reaching their maximum on day 4 and decreasing steadily thereafter (Fig. 2) TABLE 3 (CONTINUED) Major volatile compounds (GC-FID peak area ×10 6 ) and their relative peak areas (RPA) in mango wine (day 14) fermented by three S. cerevisiae yeasts.
concentrations of acetate esters than the other two (Table 4) . Acetates are produced from the reaction of acetyl-CoA with alcohols (Perestrelo et al., 2006) and thus, the higher production of acetates by strain MERIT.ferm-fermented wine may be due to the higher quantities of ethanol and branched-chain higher alcohols that strain MERIT.ferm produced (i.e. increased substrate availability). Additionally, the concentrations of 2-phenylethyl acetate and isoamyl acetate for all three wines were higher than their threshold levels for all three wines (Table 4 ), but ethyl acetate was slightly lower than its threshold level (Table 4 ). The esters of this group have a positive contribution to the overall quality of the wine and most produce moderate "floral" or "fruity" flavours (Table 3) Ethyl esters are produced enzymatically during the synthesis or degradation of fatty acids (Alves et al., 2010) . The concentration of these esters is dependent on several factors, including: yeast strain, fermentation temperature, aeration and sugar content (Perestrelo et al., 2006) . Ethyl esters can add moderate notes of ripe fruits to fermented wine if they are in the desirable range (Alves et al., 2010) . The major ethyl esters in our fermented wines were ethyl octanoate, ethyl decanoate and ethyl dodecanoate (Table 3) , and the concentrations of these esters were higher than their threshold levels for all three wines (Table 4 ). The kinetic changes of the three esters are shown in Fig. 3 . In addition, strain CICC1028-fermented wine had significantly higher concentrations of the three ethyl esters than the other two wines, which could be linked to its high production of medium-chain fatty acids (Table 4 ). This is supported by a recent study that demonstrates the crucial role of the fatty acid precursor level in ethyl ester production by S. cerevisiae (Saerens et al., 2008) .
Other esters, such as ethyl hexanoate, isobutyl octanoate, isoamyl hexanoate, isoamyl octanoate, were also identified in mango wines (Table 3) . Strains CICC1028 and MERIT.ferm were better at producing these esters than strain EC1118.
Acetic, octanoic, decanoic and dodecanoic acids were the major fatty acids detected in mango wines. Acetic acid was highest in the MERIT.ferm-fermented wine, and it reached 0.034, 0.01, 0.025 g/100 mL for strains MERIT.ferm, CICC1028 and EC1118 on day 14, respectively (Table 4 ). The kinetic change of acetic acid is shown in Fig. 4 . Acetic acid in high concentrations is undesirable in alcoholic beverages, which may impart a vinegar off-odor. Acetic acid in the MERIT.ferm and EC1118 fermented mango wine was slightly higher than the threshold level (Table 4) , but whether this would affect wine quality needs sensory evaluation. In the study of Lambrechts and Pretorius (2000) , acetic acid between 0.02-0.07 g/100mL was considered optimal depending on the style of wine, therefore, acetic acid in Merit.ferm and EC1118 fermented mango wine may not bring about a negative flavour note. In addition, strain CICC1028 produced the highest levels of medium-chain fatty acids such as octanoic acid, decanoic acid and dodecanoic acid (Table 3 ). The kinetic change of octanoic acid is shown in Fig. 1 , and it increased initially, and then decreased slightly and remained constant after day 6. Decanoic and dodecanoic acids showed similar kinetic changes to those of octanoic acid (data not shown). The concentration of octanoic acid was also quantified in Table 4 , and it was just at the threshold level for the three wines. These medium-chain fatty acids may impart fatty, rancid and soapy off-odours, so they must be controlled 
abc ANOVA (n=4) at 95% confidence level with the same letters indicating no significant difference. (1) Odour activity values (OAV) were calculated by dividing concentration by the odour threshold value of the compound.
(2) The odor threshold was obtained from Guth (1997) . (3) The odor threshold was obtained from Bartowsky & Pretorius (2008) . at low levels or at least not higher than their threshold levels. Furthermore, they could also act as potential inhibitors of alcoholic fermentation (Lambrechts & Pretorius, 2000) . This may explain why the cell count of strain CICC1028 was 10 times lower than those of strains Merit.ferm and EC1118.
Acetaldehyde, benzaldehyde, p-tolualdehyde were identified in mango wines and acetaldehyde was the major aldehyde (Table 3) . Compared with other volatiles, aldehydes were only a minor group with less than 0.1% RPA. At low levels, acetaldehyde gives a pleasant fruity aroma to wines, but in higher concentrations, it has a pungent, irritating odor (Miyake & Shibamoto, 1993) . In addition, acetaldehyde originated as an intermediary product of yeast metabolism from pyruvate through the glycolytic pathway and it is also a precursor for acetate, acetoin as well as ethanol (Collins, 1972) .
Five ketones were identified in mango wines. Betadamascenone concentration decreased during fermentation, whereas other ketones such as 2-undecanone, acetoin almost kept constant after day 4 (data not shown). Beta-damascenone was one of a few compounds which were identified in both fresh mango juice and wine. A sulfur ketone [dihydro-2-methyl-3(2H)-thiophenone] was found in all three mango wines (Table 3) but not in the fresh mango juice, which was probably produced by yeasts during fermentation. This sulfur compound is usually found in malt whiskey (Masuda & Nishimura, 1982) and it may contribute to blackberry flavor. This is the first time that dihydro-2-methyl-3(2H)-thiophenone was found in mango wine from the best of our knowledge. Although these ketones CONCLUSION The presence of volatile compounds and their concentrations during mango juice fermentation were dependent on the yeast strain used as the starter culture. The results obtained by the HS-SPME-GC-MS/FID technique showed differences in the volatile profiles of three mango wines fermented with different S. cerevisiae yeast strains. The mango wine from the fermentation with strain MERIT.ferm produced more branchedchain higher alcohols and aromatic branched-chain esters when compared to the other two wines fermented with strains EC1118 and CICC1028, so it can be selected as a good candidate for mixed-culture fermentation with one Williopsis saturnus yeast in subsequent studies.
